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APPROACH: Microfluidics
1. Microfluidic reactors have the following advantages: small volume, 
large surface area, control over reaction and efficient mixing1.
2. For this study, CHEMTOR fiber reactor was used 2 which operates 
as a massively arrayed microfluidic environment and can be 
industrially scaled for high throughput.
CONCLUSIONS
1. Synthesis in fiber reactor has resulted in smaller particles when 
compared to traditional batch process.
2. Formation of nanoparticles was greatly affected by process 
temperature, flowrate and surfactant. 
FUTURE WORK
1. Obtain SEM images of the particles to observe particle growth
2. Work towards achieving high throughput.
REACTOR 
SPECIFICATIONS
1.Stainless steel fibers.
2.Stainless steel tubing 
3.2,40,000 fibers
4.Diameter of fiber: 12 
microns.
5.Inlets : 2
6.Outlet : 1
7.Flow in the channels 
is defined by the fibers 
and ISCO syringe 
pumps.
Process Size (d.nm) PDI
Batch 839 0.630
F.R 490.8 0.471
F.R (with 
surfactant)
5.612 0.218
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METHODS
1. Principle : Dissolve lithium carbonate in water by converting it to a 
metastable state – lithium bicarbonate.
2. Reaction: 
3. The lithium carbonate in the solution was precipitated by using 
isopropanol. This technique is called fractional precipitation.
4. Process:
5. The effect of temperature , collection reservoir (dilution) , surfactant 
concentration and flowrate has been studied
Fig: SEM image of anode layer 
in the absence of pore-former4
Fig: SEM image of anode layer 
after use of pore-former4
MOTIVATION
1. Studies have shown that improving the porosity of the anode
catalyst layers of fuel cells, during manufacture, has led to more
efficient energy production due to increased mass transfer area.
2. By using lithium carbonate as a pore former in the anode layer
manufacture of direct formic acid fuel cells resulted in 25%
increase in current density4.
RESULTS and DISCUSSIONS
MATERIALS
1. Lithium carbonate - Solute
2. Carbonated water - Solvent
3. Isopropyl alcohol  - Anti-solvent (precipitating solution)
4. Tricosaethylene glycol dodecyl ether - Surfactant
EFFECT OF SURFACTANT
Samples produced at T=200C and 15ml/min with varied surfactant 
concentration.
1. Increased surfactant concentration resulted in lower average particle 
size and PdI has increased
2. Addition of surfactant to collection reservoir has resulted in stable 
product.
Samples produced from the fiber reactor with uniform surfactant concentration 
at varied temperature and flowrates have been analysed and the results are:
EFFECT OF TEMPERATURE                                                                                                        EFFECT OF FLOWRATE
1. To achieve monodispersity i.e. PdI<0.2, intensity should be a single peak.
2. Lower temperatures and optimal flowrate of 35ml/min were seen as 
favourable for this process.
Fig: Schematic of sacrificial template.
httpwww.intechopen.comsourcehtml48723mediafig2.png
ANALYSIS
1. The size of the particles in dispersed in 
liquid were analysed using ‘dynamic light 
scattering’ (DLS) technique.
2. Size of the particles were given by intensity 
plots and PdI (polydispersity index)
3. Intensity plots tell about the size distribution 
i.e. if particles of multiple sizes are present .
4. Poly dispersity index (PdI) gives an estimate 
of particle size distribution
5. Usually measured on a scale of 0-1 and is 
given by
where, σ = standard deviation and d = average 
diameter.
Fig: Reactor Setup Fig: Schematic of process in the 
Reactor Setup
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Fig : Size and PdI of particles produced in batch vs fiber reactor Fig : Samples synthesized  in a)batch vs b)fiber reactor
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